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Five  common  objects  were  selected  to  which  multiple  uses  could  be  assigned. 

The  eye  scanning,  patterns  of  43  subjects  were  examined  as  they  made  decisions 
regarding  possible  functional  uses  of  these  objects.  We  hypothesized  that 
special  features  of  objects  must  be  attended  to  before  such  decisions  can  he 
made.  The.  stimuli  were  line  drawings  of  the  objects  with  specific  feature 
areas  delineated.  Each  object  was  shown  in  four  orientations  selected  by 
rotating  the  object  in  the  picture  plane  by  90  degree  increments.  Correlations 
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canonical  and  functional  scales  developed  by  independent  introspective 
ratings.  Significant  correlations  occurred  with  specific  areas  of  familiar 
objects  and  the  canonical  scales.  One  unfamiliar  object  had  significant 
correlations  with  the  functional  scales  for  that  object.  Therefore, 
subjects  did  rely  on  specific  features  to  identify  the  objects  and 
apparently  used  the  features  to  retrieve  a  semantic  label  from  which  they 
made  inferences  about  functional  information. 
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THE  PERCEPTION  OP  OBJECTS  AND  THEM  FUNCTIONAL  UJcJ 


1 .0.  The  Information  Availaoie  in  Pictures: 

Research  on  tae  perception  of  pictures  has  usually  been  concerneu  with 
complicated  real  world  scenes  that  contain  many  oojects  (Handler  ana  ParKer, 
1976;  Biederman,  1972;  Bioderuan,  Glass,  and  Weub,  1973,'  iiackworta  anu  Horunci, 
1967).  In  analysing  these  pictures  it  is  difficult  to  devtiop  a  concise  a..c 
complete  delineation  of  the  information  availaoie  m  the  picture.  Furthermore, 
it  is  not  possible  to  separate  t fie  information  availaoie  u.  the  objeeto 
themselves  from  tne  information  created  oy  the  interaction  between  objects.  At 
present  there  is  no  uk  ms  of  delineatin'  tne  categories  of  infer..  .aui.  nv.inajio 
from  individual  objects.  Recently,  Bicker  (1982)  has  proposes  -  ta/ono-.-y  ai 
information  available  in  picture/text  procedural  instructions.  Further 
investigations  by  Bieger  and  Giock  (1982)  nave  explored  tne  “ffoct  on 
comprehension  of  putting  different  categories  of  information  in  either  pictures, 
text,  or  both.  Tn  the  investigations  presented  in  tliis  report  we  will  continue 
the  exploration  of  the  information  available  in  pictures,  specifically  two 
categories  of  information  will  be  investigated.  These  are  the  tae  categories  of 
canonical  information  and  functional  information.  Canonical  information  is 
closely  related  to  the  category  of  inventory  information  of  liieger.  It  is 
concerned  with  tne  identity  of  the  object  or  ou„ects  ,■(  o.a  .  *.-e  ± . ,  t.i..  picture. 

Tne  canonical  orientation  of  an  ooject  j  .  t.io  or  i--.ib.it  •  »«•  1  .  .  ; . <  t  iii 

mo3t  readily  recognized,  or  the  orientation  which  is  most  typical  of  that 
object.  Functional  information  is  im ormuLie-n  concert  ..1  ,  .  >u  at,-  object 

functions  or  now  it  can  ue-  used.  As  such,  it  is  a  composite  oi  information  from 
three  other  categories  of  Bieger.  Tnese  are  the  categories  of  descriptive 


2 


information  which  specifies  the  figurative  details  of  an  object;  spatial 
information,  which  includes  information  concerning  the  orientation  of  an  object 
(out  only  as  it  relates  to  the  function  and  not  the  identity  of  the  object);  and 
contextual  information,  which  provides  the  theme  or  the  context  in  which  the 
object  is  to  operate. 

The  studies  reported  here  are  an  examination  of  the  interrelationship 
between  canonical  and  functional  information.  Pilot  studies  suggested  that 
subjects  might  first  determine  the  identity  of  objects  protrayed  in  pictures  and 
from  the  information  available  from  the  identity  determine  the  function  of  the 
object.  To  test  this  further,  eye  movements  were  monitored  as  subjects  made 
decisions  as  to  possible  functional  uses  of  common  objects.  The  location  and 
duration  of  fixations  on  tne  object  were  analyzed  and  correlated  with  canonical 
and  functional  scales  that  were  developed  independently. 

2.0.  METHODS 


2.1.  Selection  of.  Objects:  Five  objects  were  selected  to  which  multiple 
uses  could  be  assigned.  This  set  of  objects  consisted  of  a  flower  pot,  a 
mitten,  a  paring  knife,  a  wooden  wedge,  and  a  cup.  It  was  assumed  that  these 
were  common  objects  and  that  subjects  would  have  schema  that  related  to  them  and 
tneir  normal  functions.  Tnis  was  not  the  case  for  all  objects  in  the  set.  The 
wedge  was  an  ambiguous  object  for  many  subjects.  It  became  apparent  in  later 
studies  that  subjects  did  not  have  a  name  or  identity  for  this  object.  This 
ambiguity  had  important  consequences  in  later  studies. 

2.2  Selection  of  Functions:  Ten  subjects,  who  were  students  in  an 
introductory  psychology  class  and  who  received  course  credit  for  their 


participation,  were  interviewed  individually.  They  were  presented  with  each  of 


these  objects  and  asxed  to  state  as  many  uses,  or  functions,  as  tney  could  for 


this  object.  They  were  not  given  a  tine  limit  but  were  monitored  oy  tne 
examiner.  When  their  responses  became  unproductive  tney  were  presented  with 
another  object  from  the  set.  Lists  of  functions  for  each  ooject  were  then 
compiled  and  the  orientation  necessary  for  each  of  tne  functions  was  recorded. 
Three  functions  for  eaen  object  were  then  selected.  L'acn  function  necessitated 
that  the  object  oe  in  a  different  orientation.  Une  orientation  of  each  oDject 
was  assigned  the  "normal"  or  0  degree  orientation  (Figure  1).  These  were 
arbitrarily  chosen  to  correspond  to  what  was  thought  by  tne  examiner  to  be  tne 
most  commonly  seen  perspective  of  the  object.  One  function  each  for  a  0,  90, 
and  180  degree  rotation  from  tnis  orientation  was  selected  for  each  object. 
These  functions  are  presented  in  Table  1. 


Insert  Table  1  about  iiere 


These  objects  have  normal  or  "common  uses.  Tiiree  pilot  studies  indicated  tnat 
mixing  common  and  unusual  functions  in  the  same  experiment  led  to  confusion  and 
erratic  responses.  If  common  uses  were  included  along  with  the  unusual  uses, 
subjects  frequently  took  much  longer  to  respond.  They  later  reported  that  tney 
were  primed  for  the  unusual  functions  and,  in  the  instances  of  common  functions, 
had  difficulty  in  changing  their  response  set.  Therefore,  tne  common  uses  were 
avoided  in  an  effort  to  make  all  functions  more  uniform  in  kind,  i.e.  the  cup 
was  not  assigned  the  function  of  holding  beverages,  and  tn<_  Knife  was  not 
assigned  the  function  of  cutting  or  slicing.  Tnese  selected  functions  are  not 


equivalent  in  their  unusualness  of  function.  However,  11  new  subjects  indicated 
high  agreement  that  one  function  for  each  ooject  was  considered  functionally 


poor  in  comparison  to  the  other  two  functions.  The  "poor"  function  was  given 
trie  ranK  of  3  oy  9  out  of  11  subjects,  indicating  this  was  the  least  typical 
function  for  uiat  oojeet.  These  functions  were  the  flower  pot  as  a  wheel  for  a 
toy  car,  tue  mitten  as  a  bed  for  a  mouse,  the  knife  to  spindle  bills,  the  wedge 
to  spread  jelly,  ana  the  cup  as  a  cricket  trap.  The  rating  of  the  other  two 
functions  for  each  oajecL  wore  nearly  equal  in  rank. 

2.3.  Development  of  Canonical  and  Functional  Scales: 

2.3.1.  Tiie  canonical  scales:  A  line  drawing  was  made 
of  each  of  tiie  five  oDjects.  The  perspective  for  the  drawing  was  with  the 
object  at  eye  level  and  with  the  object  perpendicular  to  the  line  of  sight.  An 
exception  to  this  was  tiie  wedge.  Tne  wedge  was  rotated  30  degrees  on  tne 
vertical  axis  so  ttiat  it  would  be  easily  distinguished  from  a  simple  planar 
figure. 

The  position  described  for  each  object  (see  above)  will  be  assigned  the  0 
degree  orientation.  The  line  drawings  for  each  object  were  then  rotated 
clockwise  in  45  degree  increments  creating  a  series  of  eight  drawings  of  each 
object.  The  eight  separate  drawings  of  each  object  were  randomly  ordered  and 
drawn  on  a  single  page  to  serve  as  the  stimuli  for  introspective  ratings. 

Twenty-five  students  in  an  introductory  psychology  course  at  Broome 

Community  College,  Binghamton,  New  York  agreed  to  participate  in  this  study. 
The  subjects  ranged  in  age  from  18  to  45.  There  were  12  males  and  13  females. 

Eacn  subject  was  presented  with  a  booklet  of  five  pages;  each  page 

containing  one  of  the  randomly  ordered  sets  of  eight  orientations  for  one  of  the 
objects.  They  were  asked  to  rate  each  picture  on  a  scale  of  1  to  7  for  how 

typical  it  was  to  see  that  object  in  that  position.  A  rating  of  1  was 

considered  the  hignest  rating,  or  most  typical  orientation,  and  a  7  was  a  low 
rating.  Each  orientation  was  to  be  rated  separately  and  one  rating  could  be 


used  more  than  once.  They  were  requested  to  score  the  drawings  in  whole  numbers 


but  some  subjects  did  resort  to  decimal  Tractions.  This  aid  not  alter  tne 
uethods  for  analyzing  the  data,  so  these  responses  were  included  in  tne 
analysis.  Weans  of  the  ratings  were  computed  for  each  position  of  tnese  oojects 
(Tables  2-6) . 


Insert  Tables  2-6  Aoout  Here 


The  scales  were  named  the  canonical  scales.  Tuey  will  jo  use  a  as  an 
introspective  measurement  of  typicality  for  that  object  (Figure  2). 


Insert  Figure  2  About  Here 


The  perspective  of  tne  flower  pot  was  tne  only  symmetrical  drawing  in  this 
study.  Some  interesting  results  are  noted  when  comparing  mirror  images  for  the 
flower  pot.  It  was  expected  that  the  mirror  images  would  nave  similar  ratings. 
Occasionally  they  deviate  from  each  other.  For  example,  the  canonical  rating  of 
tne  JJ5  and  315  degree  orientations  are  not  only  fairly  widely  separated,  out  the 
22 5  degree  orientation  is  inserted  between  them.  None  of  the  otner  oc^eeis  are 
symmetrical  in  the  view  shown.  In  pairs  of  orientations  that  see...  to  be  related 
there  is  a  consistent  relationship  between  these  orientations  on  ail  series  lor 
this  object.  For  example,  in  examining  tne  90  and  270  degree  orientations  for 
the  cup,  the  270  degree  orientation  receives  tne  higner  rating  on  all  scales. 
For  other  pairs  of  orientations  thi3  is  not  the  case.  The  90  and  270  degree 


orientations  for  tm;  wedge  create  a  perspective  change.  Tin..'  90  degree 
orientation  io  presented  a-  it  vieweo  from  above  anc  the  270  degree  orientation 
is  presented  as  it  viewed  from  below.  These  orientations  maintain  the  same 
sequence  on  ail  scales.  Similarity,  the  A5  and  315  degree  orientations  tor  the 
wedge  also  create  perspective  changes  with  the  1)5  degree  orientation  being  given 
a  sii0ntly  lower  rating. 

2.3-2.  The  Functional  Scales:  Functional  scales  tor  each  ot  the  15 
Functions  selected  in  section  2.2  were  tnen  developed  in  a  wanner  similar  to 
that  slated  in  section  2.3-1.  tor  the  canonical  scales.  The  same  subjects  were 
used  and  all  n«d  First  participated  m  the  canonical  study.  In  this  study  trie 
same  stimuli  were  used  except  that  the  subjects  had  to  rate  each  orientation  tor 
each  proposed  tunctJ  on.  The  set  ot  randomly  ordered  orientations  ot  each  object 
was  presented  three  times  to  each  subject,  once  tor  each  function.  The  task  was 
to  rate  the  drawings  on  a  scale  of  1  to  7  for  how  well  that  object  could  perform 
tne  function  in  that  position.  As  in  the  previous  study  mean  ratings  were 
computed  for  each  orientation  of  each  object  for  each  function  (Table  1).  In 
this  manner  tnree  scales  of  functional  goodness  were  developed  for  each  object 
' Figures  3-7). 


Insert  Figures  3-7  About  Here 


A  few  comments  on  these  functional  scales  seem  to  be  in  order.  In  two 
instances  the  orientation  receiving  the  hignest  rating  was  not  the  prime 
orientation  anticipated.  In  the  function  of  the  mitten  as  a  holder  for  marbles 
the  90  degree  ori  *  ■  *  ion  'eivud  the  prime  rating.  However,  the  anticipated 


U>0  degree  orientation  is  not  significantly  different  (t=.77 2,  p<.605) 


The 


ratings  for  the  function  of  the  wedge  to  spread  jelly  (figure  6)  are  difficult 
to  explain  in  any  consistent  manner.  The  0  degree  orientation  was  anticipated 
as  the  prime  orientation  with  the  45  and  315  degree  orientations  anticipated  as 
possiDle  contenders  for  the  prime  orientation.  Trie  270  and  90  degree 
orientations  are  inserted  before  the  0  degree  orientation.  The  0  degree  and  the 
45  degree  orientations  are  the  only  pairs  that  are  significantly  different  in 
their  ratngs  (p<.002).  it  is  difficult  to  imagine  now  the  wedge  could  be  used 
to  spread  jelly  in  the  90  degree  or  270  degree  orientations.  It  is  suspected 
that  these  ratings  are  a  result  of  the  subjects  unfamiiiarity  with  the  wedge. 
Subjects  frequently  asked  for  the  name  of  this  object  or  asked  what  it  Wes  u sec 
for.  A  decision  was  made  not  to  exclude  it  from  further  studies  on  grounds  that 
it  might  provide  an  interesting  variation  due  to  its  uniqueness  as  an  object. 

In  the  canonical  and  functional  scales  tnat  were  developed  not  every 
orientation  is  significantly  different  in  its  rating  from  ail  other  ratings  for 
that  object.  Mor  are  these  a  complete  set  of  aii  the  possible  orientations  for 
any  one  object.  They  must  be  considered  a  subset  of  tne  possible  views  of  an 
object  and  that  these  views  are  on  a  continuum  of  possible  canonical  and 
functional  goodness. 

2.4.  The  Apparatus:  The  equipment  for  tins  study  is  tile  same  ao  tnat 
reported  by  Hirschfeld  and  Bieger  (1981).  It  consists  of  a  dull'  and  Western 
eye-trac  camera  (i-iodel  106)  which  samples  eye  position  by  moans  of  corneai 
reflection.  It  is  assumed  that  the  subject's  eyes  are  moving  with  tne  lines  of 
sight  parallel  to  each  other.  The  right  eye  is  monitored  for  horizontal 
position  and  the  left  eye  is  monitored  for  vertical  position.  These  two  pieces 
of  data  form  the  coordinates  for  a  point  of  fixation.  The  position  of  tne  eye 
is  sampled  sixty  times  a  second  in  this  manner.  (The  interval  of  1/60  of  a 
second  is  called  a  tick.)  The  eye  tree  camera  is  interfaced  to  a  PDF11/03 
computer  by  means  of  an  A/D  converter.  The  corneal  reflections  are  monitored  by 


tne  eye  trac  camera  and  converted  to  an  electrical  signal  which  is  sent  to  the 
computer  -no  stored  on  a  floppy  disk  in  digital  values. 

The  data  i'iles  are  tnen  used  to  recreate  the  pattern  of  eye  movements 
superimposed  on  an  imago  of  tne  stimulus  oy  plottin..  them  out  on  a  Hewlett 
Packard  7221b  plotter.  Af ter  tile  eye  movement,  pattern  is  adjusted  to  tne  frame 
of  tne  stimulus,  a  computer  program  is  run  assigning  each  separate  fixation  to  a 
specific  area  of  the  stimulus.  In  this  manner  tne  data  is  quantified  in  a  form 
tnat  can  oe  analysed  statistically . 

2*5*  The  stimuli :  Tne  stimuli  for  tnis  study  consisted  cf  line  drawings 
of  tne  five  objects.  These  drawings  were  initially  created  by  free-hand 
methods.  The  free-hand  drawing  was  then  digitized  on  the  plotter  using  tne  MAPS 
program  (Kirschfeld  and  Liieger,  1980).  Tnis  program  creates  the  file  tnat 
stores  the  data  for  drawing  the  stimulus  as  well  as  designating  distinct  areas 
to  union  eye  fixations  will  oe  assigned.  Tne  line  drawings  that  the  subject  saw 
were  drawn  by  the  plotter  with  the  limits  set  to  a  3  inch  by  3  inch  size.  This 
is  the  maximum  sized  square  tnat  can  be  drawn  on  the  reading  screen  of  tne  eye 
trao  camera.  The  final  drawing  of  an  object  was  approximately  one-half  the 
normal  size  of  tne  real  object.  Figure  8  shows  the  stimuli  under  two 
conditions.  The  first  column  is  the  stimuli  as  it  is  divided  into  its  feature 
areas.  Independent  introspective  judgments  of  three  people  were  used  to 
determine  the  limits  of  the  feature  areas  assigned  to  each  object.  The  second 
column  is  the  stimulus  as  the  sub ject  saw  it.  A  statement  of  a  possible 
functional  use  is  inserted  between  the  brackets  at  the  top  of  the  page. 

A  computer  program,  tiOTATE,  further  modified  the  data  from  the  MAP  program 
by  rotating  the  line  drawing  witn  its  feature  areas  90,  180,  and  270  degrees  in 
a  clockwise  direction  leaving  the  other  areas  of  the  card  unmodified.  In  this 
manner  stimuli  depicting  four  different  orientations  of  the  object  can  be 
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Each  block  contained  one  card  I'or  each  of  tne  15  lunation  statements  pj. to  11 
cards  ol  tne  confusor  items.  Eaoii  tar  .jet  object  was  preset. tea  tr.ree  times 
within  each  block  of  cards;  once  for  each  of  the  tnree  functional  use  statements 
for  that  object.  However,  any  specific  orientation  of  a  target  Object  Was 
presented  only  once  witnin  a  block  of  sndcs.  sacn  subject  was  assignee  to  one 
of  the  four  blocks  of  slides  in  a  predetermine J  ...anner. 
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scales  tne  Handle  was  on  tne  right  side  m  tne  (;  degree  orientation.  T.,is  error 
was  not  noticed  until  later  in  the  stuoy  after  tne  data  w ere  collected.  It  is 
not  known  how  this  affects  the  results  of  tne  experiment.  It  will  oe  considered 
in  the  discussion  of  the  results. 

2.6.  The  Subjects.:  The  subjects  for  tms  study  were  25  undergraduate 
students  at  Cornell  University,  Ithaca,  NT.  Tney  ranged  in  age  from  1}  to  25 
years.  Each  received  partial  course  credit  for  their  participation.  Tno  data 
from  *  of  the  subjects  had  to  be  discarded  because  the  initial  adjustment  in 
the  eye  tr camera  was  faulty.  Both  these  subjects  wore  heavy  glasses  anc  ttiis 
made  the  adjustment  difficult.  Five  other  subjects  wore  contact  lenses  out  no 
problems  were  encountered  in  their  initial  adjustment. 


3.0.  Procedure: 


Thu  juojects  were  tola  an  arrival  at  the  reading  reseach  laboratory  that 
they  woulu  bo  participating  in  an  experiment  that  monitored  eye  movements.  They 
Wore  shown  tne  apparatus  and  instruction  was  given  regarding  the  procedure  for 
collecting  the  data.  It  was  explained  that  it  was  easier  to  adjust  and  monitor 
tne  experiment  in  a  darkened  room  with  only  the  illumination  from  the  eye  trac 
camera  and  that  it  was  necessary  I'or  the  eyes  of  the  examiner  to  dark  adapt 
uefore  continuing  witn  the  experiment.  At  tnis  point  the  room  illumination  was 
turned  off  uiw  tne  further  instructions  were  biven  in  a  semi-darkened  room.  The 
suujeots  were  told  mat  the  teenruque  required  that  the  head  be  held  immobile  in 
tne  eye  trac  camera  for  the  accurate  monitoring  of  eye  movements.  Since 
immobility  could  make  the  task  tiring,  the  wnole  experiment  would  be  broken  up 
into  tnree  segments.  The  subject  would  be  taken  out  of  tne  eye  trac  apparatus 
for  a  brief  rest  twice  during  the  experiment.  Even  with  tnis  precaution  against 
excessively  tiring  tne  subject,  approximately  one-third  of  the  data  for  any  one 
subject  was  lost  duo  to  head  movement  during  a  test  item  (23  trials  out  of  a 
total  of  69) . 

After  these  general  instructions  were  given,  a  sample  stimulus  card  with  a 
screening  card  was  presented  to  the  subject.  The  picture  on  the  stimulus  card 
was  not  of  any  target  item.  The  subject  was  told  that  s/he  should  look  at  a 
small  star  in  the  upper  right  corner  of  the  screening  card  until  this  screen  was 
removed  oy  the  examner.  On  the  removal  of  the  screen  s/he  was  to  read  the  label 
stating  a  functional  use  of  the  object.  S/he  was  then  to  look  at  the  object  in 
tne  middle  of  the  card  and  make  a  decision  as  to  whether  the  object  and  the 
label  matched  in  function.  More  specifically,  the  decision  was  not  "was  the 
object  a  cookie  cutter"  but  rather,  "could  tnis  be  used  as  a  cookie  cutter." 


When  a  decision  had  been  reached  the  sub  iect  was  to  fixate  on  either  the  "ves" 


or  "no-'  response  corner  at  tin.  cotton  ot  tin-  care.  Tne  examiner  ooui  j  um  tnat 


the  subject  bad  completed  tne  tasw  wuen  the  suujcct  I'ixatea  on  a  lower  corner  at 
the  card.  The  subject  was  tnen  instructed  to  i o ok  at  turee  specific  points  on 
the  card;  the  label,  tne  "yes",  unu  the  "no".  Tne  fixations  on  these  areas  were 
held  for  approximately  two  to  itiree  seconds.  Tnese  ien,.;tny  i’lxatuns  on 
specific  areas  were  easily  identifiable  m  the  plotted  data  and  were  used 
points  of  adjustment  in  order  to  superimpose  the  eye  movements  more  accurately 
on  the  plotter  drawn  stimulus.  Tne  adjustment  was  also  important  in  oruer  to 
check  for  head  movement  during  a  trial.  If  the  final  turee  winis  of  fixation 
and  the  initial  point  of  fixation  on  the  laoei  uid  not  coincide,  it  w<*s 
interpreted  as  a  head  movement  during  tne  collection  of  tile  data. 

h . 0 .  hesults: 


The  adjusted  data  was  ran  throe ;n  tin  iiA TC..  pro. ,rai..  (l.a'miivnJ  and  sieger, 
1980/  and  fixations  were  assigned  to  specific  areas  of  tin-  sti...aids.  In 
quantifying  these  fixations  any  fixation  of  six  ticks  (approximately  loO  msec) 
or  less  was  discarded.  Kesearcn  on  eye  movements  indicates  that  little 
information  is  acquired  during  a  saccado  ( Volxuan  et  al,  1976).  in  tins  study 
any  fixation  of  less  tiian  six  Licks  is  cons  iered  to  oe  part  of  a  sacoas  or 
influenced  by  saccadic  suppression.  It  is  assumed  tnat  during  these  snort 
periods  no  additional  information  was  acquired.  This  .jives  an  extremely 
conservative  estimate  of  the  fixation  time  during  whien  information  is  acquired. 

In  assigning  tick  fixations  to  specific  areas,  a  fixation  uouiu  often  occur 
in  a  location  causing  an  apparent  vascillation  oe  tween  two  adjacent  areas.  lr. 
these  instances  the  fixations  for  the  two  areas  were  added.  The  total  length  of 
the  fixation  was  then  divided  equally  between  tne  two  areas. 

The  mean  fixaton  time,  in  ticks,  for  eacn  feature  area  of  the  objects  were 
computed  across  ail  functions.  Those  statistics  are  reported  in  Table  7. 


Insert  Taole  7  Aoout  Here 


Ttic  mean  lengtn  ox'  x'ixations  for  Lne  various  features  vary  according  to 
the  feature.  Of  note  is  the  fact  that  some  features  seeiii  to  receive  few 
fixations.  For  example,  tne  cuff  ox'  the  mitten  and  the  tip  ox'  the  knife  Place 
receive  approximately  20  percent  oi'  the  total  number  of  ticks  for  these  objects. 
On  tne  other  naud,  areas  such  as  the  thumb  of  the  mitten  and  the  handle  of  the 
cup  receive  approximately  40  per  cent  of  the  total  X'ixations. 

Since  the  within  subject  variance  is  too  great  to  perX'orm  an  ANOVA  with 
tuese  data  (Fmux=60.9)  correlations  were  calculated  between  the  X'ixations  on  tne 
feature  areas  and  the  functional  and  canonical  scales  that  were  reported  in 
section  2.3.  In  reporting  these  correlations  it  snould  be  remembered  that  a  low 
numerical  rating  on  either  tne  canonical  or  functional  scale  indicates  tnat 
position  is  eitner  the  more  typical  orientation  01'  the  object,  or  that  position 
is  more  appropriate  for  tne  proposed  function.  Therefore,  a  high  positive 
correlation  between  a  feature  area  and  the  canonical  scale  would  indicate  that 
as  tne  object  became  positioned  so  that  it  was  less  typically  oriented  the 
feature  area  being  examined  received  more  fixations. 

iiacn  oojeet  was  seen  three  times  by  a  subject.  A  different  functional  use 
statement  and  a  dix'l'erent  orientation  was  presented  on  successive  trials.  A 
significant  negative  correlation  was  obtained  between  the  total  fixations  on 
three  of  the  objects  and  trial.  These  oojects  were  the  flower  pot  ( r=- . 282 , 
p< .029) ,  the  knife  (r=-.24b,  p<.050).  and  the  cup  (r=-.333,  p< .013) -  For  each 
of  these  three  objects  a  partial  correlation  between  each  feature  area  and  the 
canonical  and  functional  scales  was  computed,  controlling  for  trial.  No  partial 
correlations  were  computed  for  the  other  two  objects. 


A  total  ol'  10  positive  correlations  were  obtained  between  feature  urea..  of 
of  objects  and  the  appropriate  canonical  scale.  Five  of  tneSe  ..'ere  ,.asiiive 
correlations  and  five  were  negative.  An  additional  6  correlations  were  outlined 
between  a  feature  area  and  tne  appropriate  functional  scale.  Tnrce  tneae 
were  positive  and  Lnree  were  negative  (Tauies  o.  1-12.3) . 


Insert  Tables  b. 1-12. 3  about  iierc- 


The  two  objects  that  obtained  no  correlations  between  feature  areas  -:.j  tne 
canonical  scale  (the  iaitten  and  tne  wedge)  were  also  tiie  ones  that  Obtained  no 
negative  correlation  with  trial.  Both  of  tnese  objects  uau  oignificaiit 
cor>- •  ’  ations  between  feature  areas  and  tne  functional  scales. 

Since  the  within  subject  variance  is  too  great  to  perfor:;,  an  AiiOVA  witn 
these  data  (Fmax=60.9)  correlations  were  calculated  between  the  fixations  on  tne 
feature  areas  and  the  functional  and  canonical  scales  that  were  reported  in 
section  2.3.  In  reporting  these  correlations  it  should  be  remembered  that  a  low 
numerical  rating  on  cither  the  canonical  or  functional  scale  indicates  tout 
position  is  either  tne  more  typical  orientation  of  the  object,  or  tnat  position 
is  more  appropriate  for  the  proposed  function.  Therefore,  a  ,.igh  positive 
correlation  between  a  feature  area  and  the  canonical  scale  would  indicate  tnat 
as  the  object  became  positioned  so  tnat  it  loss  tv  pi  II.'  oriented  tne 

feature  area  oei.i  .  a,.ami.icJ  received  more  t  ix.it  i. >ns. 

..aen  oi  jeet  w.s  aecu  three  tiri.es  .  ......  .  .  ......  ....  ±  a... 

statement  ana  a  different  orientation  was  presented  on  success . w  trials.  A 
significant  negative  correlation  was  obtained  between  the  total  fixations  on 
three  of  the  objects  and  trial  number.  These  objects  were  the  flower  pot 


(r=-.2b2,  p<.02b)i  tne  knife  (r'  =  -.246,  p<.050).  end  the  cup  ( r=—  -  333,  p<.013). 
For  eacn  of  those  turee  oojocta  a  partial  correlation  between  each  feature  area 
unu  tuo  e-nonicai  ana  functional  scales  wan  computed,  controlling  for  trial.  IJo 
partial  correlations  were  computed  for  the  other  two  objects. 

5.0.  Discussion 

In  the  analysis  of  eye  movements  it  is  assumed  tnat  the  wind  is  attending 
to  the  area  that  is  oei uj,  fixated.  It  could  be  argued  tnat  tins  nay  not 
necessarily  be  the  case.  Tuo  subject  couiu  be  introspecting  on  one  area  while 
the  eyes  are  fixated  on  another,  or  taking  in  information  from  peripheral 
vision.  There  is  indirect  evidence  for  the  acquisition  of  information  by  use  of 
peripheral  vision,  file  eye  movements  of  four  subjects  indicated  no  fixation  on 
any  area  ox'  the  ooject  in  a  total  of  20  trials.  Mine  of  these  cases  were  from 
one  subject.  This  subject's  eye  movement  patterns  could  be  traced  from  the 
beginning  X'ixation  on  the  star  on  tne  screening  card,  across  the  function  label 
as  the  label  was  read.  From  tne  end  of  the  function  label  there  is  a  rapid 
sweep  to  the  "yes"  response  box  with  no  apparent  pauses  in  the  eye  movement. 
Tins  sweep  takes  less  than  three  ticks  (  approximately  360  msec).  Subjects  tnat 
exhioit  eye  patterns  like  tiiese  must  oe  obtaining  information  about  the  identity 
or  function  of  the  ooject  in  order  to  respond  positively  to  the  task,  yet  it  is 
not  apparent  how  they  do  this  from  the  eye  movement  data  acquired  in  this  study. 

The  significant  correlation  of  three  of  the  objects  with  trial  is 
interesting  in  that  it  indicates  that  in  very  early  presentations  a  learning 
effect  is  present  with  some  oojects.  There  is  an  indication  that  as  these 
objects  are  seen  over  successive  trials,  even  though  they  are  seen  in  different 
orientation  and  different  functional  uses  are  required  of  them,  subjects  still 
can  respond  with  significantly  less  time  spent  in  looking  at  the  object.  Two 


objects,  the  mitten  ana  the  wedge ,  did  not  outai :i  a  :.i  .mfiouut  correlation  for 

the  trial  effect  and  v;ill  ue  considered  later. 

The  correlations  ol'  the  fixations  on  soue  specific  feature  area  are- 
significant  with  either  the  canonical  scale  or  the  functional  stale.  Those 
objects  in  which  the  correlation  of  soue  feature  is  witn  the  canonical  sc-ie  arc 
objects  tiiat  are  well  known  ny  i.iost  suujects.  Tlicse  oujccLl  were  tno  flower¬ 
pot,  the  knife,  and  the  cup.  For  these  oojects  it  appears  that  subject-  fixate 
on  features  that  provide  inforiuation  to  identity  the  object.  Tnese  l’eatures  ,„ay 

not  be  necessary  for  fulfilling  any  of  the  functions  of  the  ujje.t.  For 

exaumple,  the  handle  of  the  cup  or  tne  Handle  of  the  knife  are  not  tne  features 

that  perait  the  object  to  perform  the  functional  capacity  that  is  ueiit,  queried. 
To  further  support  this  argument,  notice  that  the  features  that  ire  i  c  c  ^  oc!  r*  y 
for  the  function  are  sometimes  negatively  correlated  with  the  canonical  scale. 
The  tip  of  the  knife  correlates  negatively  witn  the  canonical  scale  yet  it  is 
required  for  the  functions  of  serapm,.,  and  apinJlin  ;.  13a  ,.iif  leant  negative 
correlations  with  the  canonical  scale  also  occur-  for  tne  rim  of  Luc  flower  put 
in  the  function  of  a  wheel  for  a  toy  car,  and  for  tne-  onse  of  the  cup  in  tne 
function  of  a  trap  for  a  cricket.  The  interpretation  of  tnese  correlations  m 
that  as  the  object  becomes  less  canonical  m  its  orientation  these  features  arc 
given  less  attention.  Since  the  task  is  to  determine  functional  uses  of  objects 
the  question  of  how  these  decisions  arc  made  must  be  answered  by  some  reasoning 
other  than  that  of  looking  for  the  features  in  the  object  that  are  necessary  for 
the  function.  It  is  proposed  that  tnese  decisions  arc  made  by  accessing  tne 
identity  of  the  object  presented.  Once  the  object  is  identified  the  decision 
can  be  made  as  to  whether  it  uas  the  necessary  attributes  to  perform  tne 
function. 

For  the  knife  function  of  scraping  paint,  there  is  a  significant  positive 


correlation  between  the  handle  and  both  the  functional  and  canonical  scales  and 


a  significant  negative  correlation  between  the  tip  and  botn  the  canonical  and 
functional  scales.  This  is  explainable  when  it  is  realized  that  these  two 
scales  are  significantly  correlated  with  each  other. 

Siuilarily,  in  examining  the  cup  in  the  function  of  holding  vinegar  there 
is  a  significant  positive  correlation  between  the  base  and  both  the  canonical 
and  functional  scales,  however,  tne  correlation  with  the  canonical  scale  is  of 
greater  magnitude  (p<.006)  than  the  correlation  with  the  functional  scale 
(P< .027 ) . 

For  the  two  objects  that  have  correlations  only  with  the  functional  scales 
there  is  not  a  ample  explanation.  As  a  target  ooject  the  wedge  presented 
problems.  It  was  mentioned  that  its  canonical  scale  presented  perspective 
shifts  as  it  was  rotated  on  the  line  of  sight.  In  addition,  the  subjects  were 
generally  unfamiliar  with  this  object,  could  not  address  it  by  name  and 
generally  could  not  state  what  it  was  used  for.  The  wedge  was  an  ooject 

witnout  an  identity.  Without  this  identity  subjects  are  willing  to  assign  the 
orientations  of  tms  object  a  wide  range  of  ratings  (Table  5)  but  do  not  use 
this  scale  m  the  accessing  of  information  concerning  this  object.  Instead, 
they  are  wore  likely  to  directly  access  the  functional  scale. 

The  uitten  is  not  lacking  in  familiarity .  It  does,  however  lack  a 

canonical  scale.  Ia  the  initial  introspective  ratings  the  canonical  scale  for 

tlie  uitten  Was  very  short.  No  position  differed  greatly  froia  any  other 

position.  When  tne  orientations  of  the  mitten  were  limited  to  the  four  for  this 
study  the  total  length  of  the  canonical  scale  was  reduced  even  more.  The  90 
degree  orientation  and  the  270  degree  orientation  (the  extremes  of  this  new 
scale)  are  only  .68  points  apart.  Furthermore,  t-tests  show  no  significant 
differences  between  the  ratings  of  any  of  these  orientations.  If  the  mitten 
does  not  have  a  canonical  scale,  correlations,  if  any,  would  have  to  be  with  the 


functional  scale 


In  summary,  subjects,  when  asked  to  ...awe  ueeisi-ns  as  to  functional  uses  uf 


objects,  will  first  attempt  to  determine  th  identity  of  the  ooject .  After  tne 
object  is  identified  tne  function  can  be  accessed  as  tnough  it  is  part  of  tne 
object's  identity.  However,  if  the  object  does  not  nave  a  canonical  oCaic,  at 
in  the  case  of  the  mitten,  or  if  it  is  an  unfamiliar  object  without  a  name,  a~ 
in  the  case  of  the  wedge,  the  subject  addresses  tne  functions i  attr joules  ol  tne 
object.  Furthermore,  recall  that  the  learning  effect  ocr.'iv  wit;,  only  t ..roe  of 
the  objects.  They  were  the  same  oojects  that  demonstrated  significant 
correlations  between  specific  features  ana  the  canonical  se-ios  u.<cn  trial  is 
partialed  out.  Thus,  it  appears  that  the  faster  performance  across  irmai  is 
attributable  to  tne  learning  of  specific  features  tnat  identify  toe  object 
rattier  than  features  that  fulfill  the  function.  T.as  seems  eoi.tr- cutoiv  to  urn- 
evidence  of  otucr  investigators  (Heed  and  Johansen  1 971? *  hoc.:  -t  1  •  ti.at 

subjects  wnen  presented  witti  two  dimensional  forms  .lad  no  ...emory  fur  specific 
details  of  them  when  given  a  probed  recall,  if  tne  details  were  presented  in 
isolation  recall  was  significantly  better,  hu  attempt  was  uaue  to  give  tnosc 
figures  names  or  assign  more  than  two  dimensionality  to  them.  The  I'ort, is  used  ay 
Rock  were  geometric,  planar  figures  and  had  no  semantic  label  or  identity.  Tne 
tasic  also  differed  from  the  study  presented  nere  in  tnat  memory  for  tne  two 
dimensional  form  was  required.  Here,  the  subjects  nau  to  determine  functional 
uses.  They  assumed  a  three  dimensional  i'ort..  and  specific  attributes  of  tnat 
form  that  might  not  be  demonstrated  oy  the  picture  per  so.  For  .  wamplc,  m  two 
function  of  the  cup  for  holding  vinegar  they  --sumo  tin.  suo-tutn-o  t.n.t  it  is 
made  out  of  is  imperueaole  to  liquids  and  that  it  has  a  cavity  witnir.  its  walls. 
Neither  of  these  are  facts  tnat  arc  directly  evident  fro...  two  ;r.ipnic 
illustration. 

The  identity  of  an  object  is  the  focus  of  tins  invcsti^,.. tion.  How  an 
identity  is  determined,  and  how  labels  are  Una  attached  to  Known  identities 


( nailing) ,  has  oeen  the  concern  oi'  ua ny  investigators  studying  semantic 
representation  (Smith  et  ai,  1974;  Hosch  ana  ilervis,  197b;  Rosch  et  ai,  1976). 
These  studies  indicate  that  the  naming  of  objects  is  a  more  powerful  phenomenon 
than  merely  the  ability  to  retrieve  an  object  or  class  of  objects  from  memory. 
It  appears  tnat  tile  semantic  identity  is  also  the  means  of  addressing  uncommon 
or  unknown  functions  of  known  objects. 


u  . 0 .  Implications 


Using  tne  data  from  tnese  investigations  a  model  is  proposed  that  presents 
tuc  steps  necessary  in  tlie  determining  of  functional  uses  of  objects.  This 
..;ouol  will  serve  a.-,  a  focus  for  further  resource  on  the  relationship  between 
functional  aau  canonical  information  of  objects  and  now  tnis  information  is  used 
in  decision  making. 

In  addition  to  the  processing  model  this  section  will  also  address  three 
areas  of  theoretical  importance.  These  include 

(1)  tneorios  of  object  perception  compatible  with  the  data 

(2)  semantic  implications  of  tne  research  as  it  relates  to  the 

identification  of  objects,  and 

(3)  cognitive  processes  related  to  the  task  of  function  determination  of 

ob jects . 

Applications  of  the  data  in  relation  to  trie  use  of  pictures  in  text  for 
optimal  comprehension  will  also  be  discussed.  Finally,  as  this  is  a  study  that 
has  addressed  a  relatively  new  area  of  cognitive  research,  some  of  the  possible 
ways  of  pursuing  these  suggested  studies  will  oe  presented. 

s.: 

functional  uses  of 


6.1.  A  Model  for  De  term  ini  nr:  Functional  Uses  of 


A  model  for  the  decision  making  process  concerning 


common  oojects  is  presentee  in  Figure  9 


Insert  Figure  9  About  here 


In  this  model  it  is  assumed  that  the  Functional  use  is  available  to  tne 
individual  before  the  object  to  fulfill  tins  function  is  seen.  In  these 
investigations  the  functional  use  was  presented  in  written  fur... .  Tne 
information  concerning  the  object  is  presented  m  tne  fort,  of  a  picture.  In 
Step  1  of  the  model,  tne  individual  becomes  aware  of  the  needed  function.  7m j 
leads  to  Step  2  where  the  individual  scans  tne  picture  for  necessary 
information.  The  information  that  is  extracted  from  the  picture  determines  tne 
identity  of  the  object,  Step  3-  From  the  identity  of  tne  object  tncre  is  uirect 
access  to  additional  information  aoout  the  object.  Tula  could  be  m  tne  fun.  of 
feature  lists,  schema  dealing  with  past  experience  with  Luc  object,  categorical 
membership  for  tne  object,  etc.  Tne-  identity  of  the  Object  leads  to  Step  1, 
verifying  that  the  object  can  be  used  for  the  proposed  function. 

Between  the  identity  of  the  object  and  tne  addition-!  information  there 
is  a  partial  barrier.  This  barrier  permits  processing  m  l no  left  to  rigut 
direction,  that  is,  from  the  object  identity  to  the  additional  information. 
Processing  from  right  to  left,  however,  is  partially  inhibited.  It  may  oe  that 
there  are  more  necessary  steps  in  this  pathway  that  are  not,  as  yet,  identified. 
These  could  be  steps  where  the  featural  components  and  eate.;one-i  membership, 
etc.  are  combined  into  an  identity.  If  that  is  tne  case  tne  patnwuy  between  tin. 
identity  and  the  additional  information  is  very  different  dopendin.,  on  tne 
processing  direction. 

Nov;  consider  the  case  where  there  i.-  no  identity  for  tne  object.  without 
an  identity  for  the  object  step  H  must  oe  reached  oy  -  different  pstn way.  It  is 
proposed  that  tnis  is  accomplished  by  separately  address sg  tne  acJitional 


information  that  is  so  readily  accessible  from,  or  a  part  of  tne  identity  of  tne 


object.  To  proceed  with  this  task  when  step  3  is  Missing  takes  longer  time  than 
when  it  is  present.  This  can  oe  thought  ol’  as  tiie  addition  of  a  step,  that  of 
estaPiisning  an  identity  for  an  object.  However,  since  the  identity  of  an 
object  develops  from  an  individual's  interaction  with  the  object  it  also 
includes  tiie  elimination  of  other  steps.  These  would  be  steps  that  searcn  for 
specific  features  considered  necessary  for  the  function.  This  is  an  issue  to 
test  in  later  investigations.  Evidence  for  a  shift  in  the  features  of  an  object 
attended  to  as  the  individual  develops  an  identity  for  the  object  could  be 
interpreted  as  tne  elimination  of  steps  since  those  features  are  no  longer  being 
searched  for.  It  also  would  support  the  addition  of  a  step  since  new  features 
are  attended  to. 

6.2.  Theories  of  Oo.iect  Perception: 

Tne  study  of  eye  movements  has  been  helpful  in  the  interpretation  of 
the  data  from  the  reaction  time  studies  on  the  perception  of  functions  of 
oojects.  iluch  of  the  careful,  detailed  research  on  eye  movements  is  concerned 
with  tiie  reading  process.  Tne  patterns  of  eye  movements  in  the  perception  of 
pictures  are  very  different  and  this  needs  to  be  Kept  in  mind  when  such  methods 
are  used  in  studying  cognition.  The  reading  process  is  governed  by  constraints 
relating  to  the  direction  of  tne  eye  movements.  In  English,  text  is  printed  in 
lines  from  left  to  right  and  from  tiie  top  to  the  bottom  of  tiie  page.  There  is 
no  such  constraint  on  the  perception,  or  "reading",  of  a  picture.  The  eye  can 
start  in  any  location  on  the  page  and  scan  in  any  sequence.  Art  styles  have 
developed  in  which  a  sequence  is  imposed  on  tne  scene.  The  viewer  is  taken  on  a 
journey  through  a  landscape  oy  a  set  of  conventions  that  direct  the  gaae  through 
tiie  scene  in  an  intentional  sequence.  This,  however,  is  not  the  kind  of  picture 


tuat  tins 

study 

addresses.  Here, 

tiie  concern  is 

Wltil 

the 

illustration 

of 

objects  to 

them  as  lifelike  as 

possible  but 

to  present 

them 

wi thout 

a 

background 

or  context.  Tiie  context 

is  supplied 

by 

tiie 

function 

that 

is 

proposed.  In  so  presenting  tiic  objects  it  is 


ur  Jud  that  lit/  ulfVLtlUla.ily  of 
scanning  is  imposed  on  the  subject  other  Liutu  one  of  nubit  juc  to  tue  influence 
of  reading  patterns,  which  uay  t>e  considerable.  Ail  tue  subject-  m  tnesv 
studies  were  college  students  and  as  such  they  nave  uas  ...won  ox,  eric:,.. ..  .-.i  tn 

text  reading;  their  eye  movement  patterns  nay  be  influenced  ay  „..is  Wo i 
developed  skill. 

In  addition  to  tne  sequence  of  fixations  requires  m  text  read-;..,.  t:.1. 

perception  of  pictures  .-ay  also  differ  in  the  site  of  tne  perceptual  ianjaw. 
The  dimensions  of  the  fixated  urea  from  wnich  information  cui.  so  -chaired  save 
been  investigated  witn  great  precision  for  tne  reading  of  text  ( I uyncr ,  iq?g , 
UcConKie,  1976)  but  a  tasx  involving  picture  perception  requires  different 
strategies.  The  subject  is  not  confined  to  a  linear  forward  or  rejivs-.ivc 
movement  wnen  determining  tne  next  fixation.  The  tas.:,  therefore  ,  i„.  ...ore  on- 
of  scanning  rather  than  reading.  This  eye  tracking  study  ->u.,,;-sts  that  tne 
window  size  for  some  subjects  may  include  most  cf  the  -rea  of  tne  stimulus  c-ra. 
These  were  the  subjects  that  did  not  appear  to  fixate  on  any  .»roa  of  tu<_  ...lctutv. 
but  immediately  proceeded  to  a  response  oox  fixation  after  rti..i:..  the  function 
label.  An  alternate  explanation  is  that  the  subject  is  able  to  voiu..tariiy 
change  the  size  of  the  perceptual  window  with  the-  demand-  of  tne  t as.. . 
picture  scanning  tasw  may  require  a  larger  window  tiian  reading  does,  if  t.a 
area  that  is  fixated  is  the  urea  to  wuioh  attention  is  directed,  tue:.  it  u. 
necessary  to  know  now  large  the  window  of  attention  is  in  order  to  determine  the 
extent  of  the  area  from  which  information  could  be  -eeuireJ  durin  .  uny  uue 
fixation. 

A  third  important  way  in  which  picture  seunnin  •,  differs  fro. .  the  reudiu., 
process  concerns  the  expectations  that  arc  sot  up  uuriu,.  im.  lasx.  iioudin. , 


involves  processing  the  written  form  of  some  Known  language 


Since  it 


language , 


it  has  a  specific  form  or 


syntax.  The 


syntax  places 


certain 


expectancies  or  constraints  on  the  text  that  follows.  In  scanning  a  picture 
tiicre  is  no  necessary  sequential  input.  That  is  not  to  say  that  there  is  no 
syntax  to  picture  perception,  but,  ratner,  if  a  picture  syntax  can  oe  formulated 
it  would  not  necessarily  be  similar  or  comparable  to  tne  syntax  of  a  language. 
It  would  appear  that  expectancies  are  set  up  wnen  scanning  a  picture  (Kackworth 
alia  noru.'iai,  i;o7)  out  tnese  expectancies  are  more  constrained  by  context  witnin 
tne  picture  tnan  by  any  sequential  syntactic  structure  relating  to  featural 
representations  of  tne  picture.  Uoton  aiiu  Stark  (1971)  nave  proposed  a 
multistage  tneory  of  picture  recognition.  Tney  posit  that  memory  traces  of 
features  are  matched  serially  witu  the  object.  These  features  are  the  parts  of 
tiie  object  that  yield  tne  most  information,  such  as  angles,  curves,  etc.  The 
memory  traces  are  assembled  m  an  internal  representation  called  a  feature  ring, 
'inis  feature  rm._,  is  formed  from  the  scan  patn  tue  eye  taxes  as  attention  is 
shifted  from  feature  to  feature  in  a  preferred  order.  There  was  no  evidence  for 
verification  of  tins  theory  in  the  studies  reported  nere.  It  may  oe  that  the 
pictures  used  in  this  study  were  not  complex  enough  to  demonstrate  a  feature 
cycle.  Also,  varying  thu  orientation  of  the  object  required  tne  subject  to 
search  for  ia.ntifyin,,  features  in  different  areas  of  the  picture.  This  was  not 
a  concern  of  the  uoton  and  Stark  study,  which  was  a  recognition  task  of 
previously  seen  pictures.  Also  decomposition  into! such  features  may  be  an  over 
simplification. 

Previous  researen  on  eye  movements  in  picture  perception  contains  much 
agreement  that  pictures  have  areas  of  differing  informativeness  (Salapatek  and 
Reason,  1966;  riock,  ilalper  and  Clayton,  1972;  Zusne  and  tiiehcls,  1964).  Some 
of  these  studies  have  noted  areas  of  greater  pattern  density,  intersection  of 
lines,  anu  closed  space  as  being  high  in  information  content.  Such  areas  were 
fixated  more  frequently  and  for  longer  durations  than  other  areas.  However, 


those  studies  wore  often  done  with  artifioi...  s..;../es,  suen  «...  ptuh«r  ..tu.oti’j 
I  lguros .  as  sue.,,  tueso  1  orms  aid  not  nave  ..  i,nrce  u..mvnsio.*a  j.  j  a., 

object  from  tne  euvironaont .  Conversely,  w.n. reuuem.j  a  ti.ro. 
ooject  to  a  two  dimensional  representation  tne  additional  infora-ation  concern!.^ 
its  identity  is  still  present  in  the  picture.  It  is,  therefore ,  necessary  to  s« 
very  careful  when  evaluating  tne  use  of  t nose  studies  x'or  too  ^resent  purpose. 
For  example,  in  the  studies  reported  here,  chi.  sand  region  of  tne  :..itte.*i  -s 
mostly  empty  space  and  could  be  eonsideree  to  a.  low  it,  informational  content. 
It  could  oe  argued  that  one  would  expect  fewer  fixations  in  tni„  area,  indued, 
this  is  tne  case.  However,  tne  cuff  of  tne  mitten  is  hi jn  in  patter:,  density. 
From  these  earlier  studies  one  would  expect  mat  uns  area  wouid  be-  fixates 
frequently.  This  is  not  tne  case.  Tne  thumb,  furthermore,  m  m:  area  of  open 
space  that  receives  more  attention  than  would  ye  executes.  Clear. y,  . 

comprehensive  theory  of  picture-  perception  ...sat  do  concerned  witr.  r.atur«. 
objects  or  their  representations  as  well  as  with  randomly  generated  snapes.  Tne 
information  available  in  tnese  two  classes  of  qrapaics  is  very  different  s.  .e 
manner  in  which  one  class  is  treated  may  riot  provide  tne  viewer  win.  tr.e 
necessary  information  for  adequately  comprehend  m..;  tne  other. 

6.3-  Semantic  Implications  of  the  Reported  Studies : 

Subjects  in  this  study  first  identified  tne  ooject  that  was  presentee  .1,0 
then  decided  if  it  could  fulfill  the  proposed  function.  Since  tne  correlations 
for  the  known  objects  were  with  the  canonical  scale  and  not  tne  functional 
scale,  the  required  information  is  apparently  more  easily  retrieved  through  tire 
identity  of  the  object  rather  than  through  the  features  of  the  ooject  tnat  are 
most  relevant  for  the  function.  Apparently  not  all  features  are  of  equal 
importance  in  making  aecisions  as  to  the  functional  uses  of  an  eoject.  Thus, 
one  could  interpret  this  as  support  for  tiie  Smitn ,  Snoben  ana  Kips  (1974)  theory 
of  semantic  representation  of  objects  classifying  the  features  of  objects  as 


defining  or  characteristic  features,  depending  on  wnether  they  are  required,  or 
optional  i'or  identification.  A1  ten. all  vely ,  consider  tne  task  as  one  of 
oc termini n^  family  membership  ( iioson  -nd  Kervis,  1972).  Cach  of  the  Known  items 
(pot,  ..iitton,  Knife ,  cup)  snares  enaraet eristics  in  coution  witn  ail  members  of 
tne  family  of  objects  to  which  it  belongs.  As  the  oojeet  deviates  from  its  taost 
characteristic  orientation  tne  tasK  entails  cheeking  tore  thoroughly  i'or  family 
rese..ioiance.  When  tne  prototype  ana  tne  object  are  sufficiently  similar  the 
object  cun  oe  included  in  tne  category.  In  the  case  of  the  studies  presented 
nere ,  it  nay  so  that  tne  objects  portrayed  are  sufficiently  simple  so  that  they 
require  tne  chcCKin^  of  only  a  few  features  to  distinguish  tneo  from  non- faiaily 
members .  Eitner  tneory  could  oe  used  to  interpret  tne  results.  They  do  not 
see:.,  to  differ  ;reatiy  fro:.*  each  other.  It  nas  been  shown  in  tnese  studies  that 
subjects  do  see:.,  to  use  specific  features  in  determining  the  identity  of 
oojects,  but  all  features  of  an  object  are  not  of  equal  importance  in  this 
determination. 

6.9.  Co..aitive  Processes  in  the  Determination  of  Functional  Us 
Ob  leets : 

Tiie  tasK  proposed  in  this  study  could  be  considered  to  be  one  of 
determining  membership  in  functional  use  categories.  When  a  subject  is  asked  if 
tne  object  portrayed  could  be  used  to  fulfill  a  specific  function,  it  can  be 
thought  of  as  a  decision  process  to  determine  if  the  object  contains  the 
defining  features  for  inclusion  in  the  family  of  objects  that  fulfill  that 
function.  Assume,  for  example,  that  a  feature  similar  to  the  tip  of  the  knife 
is  a  defining  feature  for  all  objects  in  the  family  of  objects  that  can  be  used 
to  spindle  bills.  In  this  case,  it  would  be  expected  that  subjects  would  fixate 
on  tne  tip  of  the  knife  in  order  to  verify  inclusion  in  that  category.  Varying 
the  proposed  function  could  require  other  features  to  become  the  defining 
features  for  the  determination  of  class  membership.  There  is  no  evidence  that 


is  the  case.  Instead,  tne  results  surest  taut  tne  i'eatures  ti.at  are  fixated 
are  those  that  are  associated  with  the  identity  of  the  object ,  or  characteristic 
features.  To  continue  v/itii  the  example  of  tne  knife,  subjects  fixate  on  tne 
handle  of  the  knife  as  a  characteristic  feature.  Tuia  feature  ..s  ,iot  correlated 
with  the  functional  scale  but,  rather,  the  canonical  scale.  hot  only  ia  it 
significantly  correlated  with  tne  canonical  sc*-ie  lor  tne  function  of  spincxing 
bills,  out  for  the  function  01'  scraping  paint  as  well. 

The  wedge,  wnioii  was  a  relatively  unknown  object  displays  so...e  interesting 
results.  Here,  (Table  11 .1-11 .3)  not  only  are  tile  significant  reiations.i*pa 
with  the  functional  -sale,  out  if  the  nearly  significant  correlations  are 
considered,  (those  of  p<.06)  it  can  be  observed  tnat  they,  also,  Vary  witn  tre 
functional  scale.  It  would  i>e  interesting  to  test  tins  in  a  aur.  constrained 
experiment  t..  Varying  the  functions  of  unknown  objects.  I..  s.i.,  w tj  v.e  cotiu 
deteruine  if  there  are  different  defining  features  for  tneso  object-  dependent 
on  tne  different  functional  classes  for  w.ticn  tn-.-y  are  intones. 

in  any  case,  tiie  task  as  it  was  proposes  in  tins  st1  1  y,  — ppe— r.,  *-0  so  a 
multistage  one.  Tiie  subject  wnen  I'irst  presented  witn  tne  r«guirc...ci.t  to 
determine  a  possible  functional  use-  wili  attempt  to  deter;.. mo  t.n-  lacntxty  oi'  -a 
object.  Througn  its  identity,  tne  additional  ;  tlV.ntuun  cf  poSaxulc  functions 
is  accessed.  If  tiie  object  nas  no  identity,  i.e.  if  it  i_>  an  unknown  oj„e«.t, 
subjects  ttien  search  for  tne  features  necessary  for  tne  proposed  function.  Tne 
two  stage  process  of  first  identifying  tne  object  ana  lucti  tne  function  sec:, .a  to 
be  an  easier  and  faster  process  tnan  tne  one  stage  process  si'  addressm.,  only 
the  features  (Taole  7).  The  total  length  of  fixation  times  far  ail  k..owu 
objects  are  less  than  those  for  the  wedge,  it  is  even  ...ore  striking  wnen  one  is 
aware  that  the  total  fixation  length  for  the  cup  is  inflated  oy  one  function, 
that  of  the  cricket  trap,  which  was  considered  a  Highly  unusual  function.  Tne 
total  length  of  fixations  for  tins  function  was  65.4  ticks,  for  tne  functions  of 


holding  vinegar  and  scoop  in..,  sand  the  total  fixation  lengths  were  34.7  ano  36.7 


tie... 


i j.-iiiic-rin  t;.o  ta.-:: ,  then,  to  be  ri  thi-r  a  one  or  two  stage  tack  soi.it 
further  considerations  are  in  orcier.  If  the  do termination  oi  the  function  oi  an 
oojeet  i..  either  tue  second  stage  oi'  a  two  jiaye  task  or  the  only  stage  of  a  one 
stage  tua.c  tnere  is  indirect  evidence  tnat  these  are  very  different  processes. 
Since  tin.  uii'nii.i  leu  ,tiis  of  total  fixations  on  the  object  are  necessary 
oofore  tile  suspect  responds  positively  to  the  function  '.ueriec.  If  tnc-se  are 
different  processes  it  remains  to  oe  determined  now  tney  differ.  The  task 
presented  nere  was  focused  on  the  functions  or'  objects.  Tne  subjects  set  aside 
tins  taah  to  l'nv.t  determine  the  identity  of  the  objects.  From  trie  identity  oi 
tin.:  oujocts  tnere  is  access  to  some  lexical  or  encyclopedic  Knowledge,  or  a 
soiicau,  for  tne  functions  proposed.  In  absence  of  an  identity  I'or  an  object  tne 
subjects  perform  a  feature  starch  to  determine  if  the  object  Delongs  to  tne 
cia..s  of  oojoots  time  fulfill  the  function.  This  feature  search  is  a  more  time 
cousu...in;y  operation  than  that  for  a  known  object  and  may  be  of  more  tnan  one 
step.  It  appears  tnat  some  of  tne  time  is  spent  in  attempting  to  identify  the 
oojeet  before  resorting  to  the  feature  search  or  that  each  comparison  in  a 
serial  feature  sear oil  requires  tne  task  to  tame  more  time. 

6.5.  Application  of  the  Findings  of  these  Studies : 

Trie  findings  of  these  studies  have  direct  application  to  the  many 
instances  in  unicii  illustrations  of  known  and  unknown  objects  are  used  to 
enhance  meaning  and  increase  comprehension.  They  are  also  applicable  to  areas 
of  i naming  and  concept  development.  Tnese  issues  will  now  be  examined  in  an 
attempt  to  address  tne  more  practical  side  of  these  studies. 

6.5.1.  Tne  Illustration  of  Objects.  In  textbooks,  procedural 
manuals,  instructions,  and  the  many  otner  places  in  which  pictures  of  objects 


are  used  to  convey  information  it  must  first  be  decided  what  objects  to  portray 


f.'o  attempt  Will  dl-  uaUe  to  propose  lines  lot-  tnis  process  since  this 

>ij  l  a  cancer..  si  t.ii~  tidy .  burrent  :'v...,c  j.rc..  -  ..  -.lier..  .  ......  .*.  ai 

picture/ text  materials  ( hie  _,e*r ,  IVbP)  >■>  u.,  lead  to  :.:w\  .uli.U. 

of  the  situations  in  wiiicii  the  information  presented  in  pielcri<.*i  iur:  wni  s*. 
wore  useful  to  the  reader. 

After  the  decision  nas  Oce.i  ...ado  as  to  wme.,  jjjvj*  ^  are  to  to*  ii  lustratec  , 
the  second  decision  must  uj  to  decide  . to »i  to  portray  tn o^o  oowoct«.  liij. .  tu  ay 
suggests  that  for  maximum  comprehension  witu  tin.  inu-l  difficulty  taoso-  ojjkuU 
should  be  portrayed  in  their  canonical  ori.«tatio!is.  Ta  functions  use 
position  may  do  different  fro...  Uuj  orientation  oat  it  is  c_..o:.ic_i 

orientation  that  snoula  De  portraits.  Tins  is.  ,.  spoci..j.i>  ..i  :;..i.  fic,.nt  c  —><.  - 
where  a  fanilia r  oojoet  is  oem„  portrayed  uho  in  the  1  irst  instances  w.ven  tno 
object  is  encountered  Oj  Lnc*  reader. 

ho  instruction  will  t>e  ,,iv..:i  for  deter..,!.. in  .,  o,.no,ii  :_.L  orientation  of 
objects.  This  is  another  field  tnat  could  profit  fro„.  furtnor  r\  a  ..rot..  It  u; 
apparent  that  specific  features  of  tne  oojectw  are  i.ijnly  :ono,.  Uo  with  tin. 
canonical  orientation.  Tnese  salient  features  ..aouic  he  given  prominence  in  tin 
illustration  of  the  object  or  t-ven  emphasised  a..,  m  cartoons,  cs„o...i„ 

have  a  significant  correlation  for  the  total  tine  spent  fixating  or.  tin*  object 
(and  on  tixatin.,  specific  leatures  oi  tiu.  00^1  el )  ni  tn  L.ue  t ntation  ti  i ..  i . 
Soon  after  the  initial  presentation  it  seems  that  tne  representation  of  tne 
object  is  fixed  in  Memory  and  varying  tile  orientation  of  tin.  oowcct  uses  net 
Markedly  influence  the  subsequent  task.  it  ...ust  be  retic.-iuereu  tnat  m  tnese 
studies  the  features  of  tile  objects  were  held  constant.  All  illustrations  of  an 
object  had  the  sane  number  and  expression  of  tilt  features  presented.  O.iiy  tne 
orientation  and  the  function  of  the  ooject  were  Vara*u,  If  trie  orientation  of 
the  object  is  varied  in  a  wanner  that  conceals  soi.ie  feature  or  reveals  a  mduen 
one  it  way  affect  the  couprehension  of  Uie  wateriai.  Tnis  nas  not  been  testes. 

Thirdly,  it  is  important  to  xnow  wmen  objects  arc  known  objects  a,.d  winch 


arc  unknown, 


or  unfamiliar  objects  to  too  reader.  For  tin; 


illustration  oi' 


unknown  uojecis  there  are  some  additional  constraints.  Only  one  ooject,  the 
Wuu^o,  tijo  cuusidereu  uiiKiiOwn  in  this  stuuy  and  as  suen  it  is  questionable 
v.iiotner  it  is  possiuio  to  generalise  from  a  set  containing  one  ueuber.  However, 
tii ere  appear  to  ue  aome  real  diiTei’enec-s  in  tiie  Manner  in  whicn  the  subjects 
addressed  this  object  us  opposed  to  the  other  Known  objects.  Subjects  were 
quite  wiiiin.;  to  ,;ive  it  a  canonical  orientation.  Tais  orientation  may  not  nave 
been  eased  on  tne  sa.au  parameters  tnat  were  used  I'or  the  known  objects  since  the 
object  was  ui.niiowti  and  its  i'uuclious  and  normal  use  position  could  only  be 
assumed.  instead,  suujects  nay  have  oriented  it  according,  to  gravitational 
stability  and/or  to  usual  perspectives  For  objects  witn  weight  and  solidity.  It 
io  also  possiuie  tnat  canonical  orientation  was  assigned  according  to  some 
subject-proposed  Function  unknown  to  the  examiner.  It  would  oe  desirable  to 
Know  now  canonical  orientations  are  acquiree  For  unknown  objects  and  if  suen  an 
identity  :ari  oe  assigned  to  an  unknown  object  I'or  instructional  purposes. 

6.fj.2.  Functional  Fixedness  and  Canonical  Orientation:  The  results 
ol'  tuiu  reseaon  contrioute  to  the  development  of  a  theoretical  case  encompassing 
the  pnor.oiicnon  of  functional  fixedness.  From  such  a  base,  future  research  could 
ti.en  er.^a^  in  order  to  further  the  understanding  and  to  develop  programs  to 
counter-act  tae  lii.iltatioiis  of  functional  fixedness.  The  differences  that 
suojeets  show  in  Lueir  scanning  patterns  for  known  and  unknown  object,  indicate 
tnat  wnen  presented  with  a  task  that  requires  Liio  determination  of  unusual 
functions  tne  Functional  Features  oF  the  object  are  attended  to  more  closely 
when  the  object  m  unknown.  Wneu  the  object  is  a  known  object  the  canonical 
Features  are  addressed  and  from  the  identity  of  the  object  the  encyclopedic 
Knowledge  is  accessed.  Functional  fixedness  can  be  thought  of  as  a  situation  in 
which  no  encyclopedic  reference  occurs  under  the  entry  for  the  known  object.  In 


this  situation, 


in  order  to  overcome  the  deficit  a  new  entry  must  be  created. 


.t  x..  — i,  .uiv,  ...at  in  order  t»  1  .  i  j  .  .1  -i  ...i  r  .  t 

...joat  .....  ...  e.....o>;..  v<a.,«.ot.  it.  so  i..iw  .  .  .  .1..;  ..  .  i  v.- 

J.  autelldCd  Lu  ana  L>voo*.ie  salxCtit  tor  tne  s.-'W  tunctio...  lie  X,-  , 

ui.xnown  objects  are  transformed  into  known  objects  turou.,;.  <.  xperiei.ee  wi  t».  tse:_ 
ana  their  functions.  In  this  case ,  xt  is  su^osLed  ln.it  to  overcome  function.;, 
fixedness  tno  usud  developmental  process  neeas  to  ue  reversed. 


6.6.  Directxous  for  i'urtiier  liose  ■  -'‘c.i ; 

The  eurrent  studios  su  „;est  eiuost  e.idiev-s  err;./  of  areas  to  so  expiot  e-a 
for  fur  tiler  olarif ication  of  tue  pse'no.ionu  ruiutte  to  tno  ..  ,1ui.,.;xo;;  „f 
ini  or;,;atxon  l  no. a  pxcturcs.  ino  ..min  categories  i  or  retatou  .tu j.i  .  .ire  xn  {  1 ) 
tno  psyctiupuy.iic.ii  -.ispocts  oi  picture  perception,  (ii)  tno  .>  .lutLx. 
encyeiopedio  i:no'.;io‘d,Je  available  frou  picture^,  ..no  (.j)  tite  cognitive  processes 
involves  xn  t.n  cxtruClixn  of  function*.,  i.tfur.  n...u;i  i  ru,.i  jt  ur.. .  ti,  , 
tor  tno  ^uri.uxt  ot  oaou  ot  those  Categories  ot  ^nVoSt.^atxon  wii.  .c  t.io  i  xn.. 
section  discussed,  out  uy  no  i.oaus  the  final  oi. .suasion  oi'  t.io  co..  pie.;  topic  of 
tne  roiatxonsuip  ue  tween  oojects  and  tneir  i'unct.ons. 


0  .6  .  1  .  Psy  cnop.i  <  oicml  iiSi-ii.  cts  ot’  Pipt_ai;e  fo r cc- n 1 1 o , i :  c.re.  . .  ...... 

precise  invoati. tion  of  picture  scunnin,  nco..s  to  as  conducts..  _.i.  .ii  ..r  .. 
studies  ot'  ituyncr  ( 1 97  v>)  and  fcConxie  (  1976)  to  deter.,  ine  .  are  i-roci...  i. 
site  ot  tno  perceptual  window,  the  role  o.  ^cripnerui  vioio-  ,  .in  tne 
relationship  between  tne  point  of  fixation  unu  tin.  attention  ot'  tns  .utju.. 
These  studies  could  nut  ae  conducted  wits  the  o.cpori:  u.ntni  apparatus  uiw.  ... 
ti.xs  stuuy.  Tney  require  instru..ientation  tn.it  is  capable  of  r.orc  fu^uuit 
sampling  of  tne  fixation  location  and  finer  uiscrii.iiiK.Lion  to  doU:n,.iiiiifJ  it. 


6.6.?.  Invest  ij  .a  tions  ot1  Jc.  i.intic  gnu  line  \  c  lot 


L  c  ..novi  1  os 


determine  the  role  of  specific  dcl'iniui,  features  an..  to  ascertain  i  f  tikce 


r 


features 


are  searched  1'or  in  assi^nin^  an  identity  to  an  object,  a  stuuy  could 


oe  conducted  to  investigate  tiie  sequence;  oi'  fixation  positions.  A^aiu,  tne 
orientation  oi'  the  object  could  be  varied  but  tne  subject  would  be  required  to 
wtate  Wiiotiier  tiic  ob ject  presented  was  one  proviouoly  seen  or  a  new  one.  To 
insure  tuat  tne  objects  are  scanned  in  a  wore  careful  Manner  anu  that  I'ixations 

i.  ' l  k  i  U  0  ci  o  o  i.;ne  J  to  specific  areas ,  tne  picture  Cc.ii  be  degrades  to  partially 

obscure  tne  ouject.  An  alternative  approacu  would  oe  to  vary  the  orientation  of 
tiie  object  so  tnat  different  features  are  osseured  in  successive  presentations, 
eitner  occluded  o j  o tiler  objects  or  witn  tne  specific  feature  ttiovin  in  an 
atypical  perspective, 

A  set  oi  studies  tuat  i nves ti^ja tes  now  tiiioniCei  orientation  is  assigned  to 
objects  would  provide  insioiit  into  this  aspect  of  seuantic  Knowledge .  These 
studies  are  already  under  investigation  in  our  laboratory.  iStii.iuli  arc  uein0 
selected  acccrdinj,  to  several  attributes.  dowe  oi  the  aspects  to  be 
investigated  are  (1)  differences  in  uosijaaent  of  canonical  orientation  for 
Known  a.,.,  unknown  objects,  (k)  differences  in  attributes  of  objects  witn 
canonical  or l .iitj tioiis  am  tuosc  witiiout,  (3)  tiie  influence  of  lectors  like 
cine,  apparent  gravitational  stability ,  and  perspective  on  assigning  canonical 
orientation  to  unknown  objects  and  (d)  tne  assignment  of  functions  to  unknown 
objects  and  the  relationship  of  tne  functional  position  and  tne  canonical 
posi tion. 


6.6.3.  Co  .nitive  Processes  Involved  in  the  extraction  of  Functional 
Information  from  Pictures:  Studies  on  the  extraction  of  functional  inforwution 
frow  pictures  could  investigate  and  identify  processing  stages  wnen  making 
(iiiViiu.1,,1  use  i-uu.'iuii.).  it  lias  been  su  pasted  tint  L.u.,  1 »,  1 :  n  .  r  ,  u.ic  ur 

tWvj  ola.,1.  ptaeaaS  depaiiulu,,  on  Wiiether  t.l..  OdjS.t  lo  .1  .vUOW..  au^adw  -i'  all 
Uiiaiioviu  object.  i.  i.eeda  to  be  tested  witn  a  lal'.;er  ;x  t  of  .a.,ect„  am, 
especially,  with  more  unknown  objects.  In  addition,  the  stages  for  tne  two  sets 


of  objects  could  be  examined  to  determine  if  tne  Jtaue  in  which  the  vcriJ  ic&Uon 
of  function  is  tile  same  in  c-aen  case.  It  lias  oeeu  subjected  tuat  it  is  not 
since  differing  lengths  of  time  are  required. 

A  final  area  for  further  investigation  is  related  to  functional  f  ixeano-a. 
It  has  been  suggested  that  functional  fixedness  occurs  wuea  an  object  nas  a 
linown  identity  from  past  experience.  Tne  rosearen  suggested  acre  would  oe  to 
determine  if  it  is  possible  to  cause  a  subject  to  troat  a  .mown  object  as  an 
unknown  object,  either  oj  obscuring  defining  features  or  degrading  ti.e  picture, 
and  to  check  for  shifts  in  the  processing  steps  tud  men  a  cniui^e  gi.jnt  co 
expected  to  n.a x  e .  An  alternative  w  a  ^  to  ...pproaoi.  u  n  1  s  atudy  would  j c  to  i -o i u a 
several  sen. antic  laueis  for  an  unxnowu  object  ane  Co  ter... awe  if  different 
features  are  selected  as  defining  features  as  subject-,  become  familiar  nit n  the 
object. 

While  tnese  future  studies  illustrate  now  ..iany  questions  ro...ain 
unanswered;  the  studies  presented  acre  suggest,  m  tneir  own  right ,  patterns  of 
how  functional  ana  canonical  irjforiaation  are  relateu  m  picture  and  text 
processing. 
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Titbio  1.  Ti'.o  l’uuctionai  used  ■suiootwa  i'or  ao.i  o.'  i'iv.  Ot>jac«.- 
in  thi  oe  ditT^roiit  orientation.'. 
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Figure  1.  Line  drawings  of  the  five  objects  used  in  the 

examination  of  functional  uses  of  objects.  All  objects 
are  presented  in  their  assigned  0  degree  orientation. 
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